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Abstract
After harvesting, pears undergo numerous biochemical processes and frequently fail to reach acceptable quality. The uses of
packaging and ethylene (C2H4) absorber are regarded as well-known ways to solve that problem. However, accumulated CO2 in
the package can promote the symptoms of internal browning on pear flesh also exacerbated by too low O2 concentrations. To
inhibit the symptoms in ‘Silver Bell’ pear for a long period, we utilized CO2 adsorbent, CO2 adsorbent plus C2H4 adsorbent, and
without both adsorbents in a bag to investigate their effects on internal browning development for 7 months in cold-storage. We
found both adsorbents successfully reduced CO2 and C2H4 levels even though the incidences were visually found at 3 months of
storage. Most severe internal browning was observed on CO2 adsorbent-untreated pears under high CO2 levels (7-9 %)
increasing since the beginning of storage. Therefore, there were no significant differences on the color and flesh firmness among
the treatments, except controls, during cold-storage. Internal browning-affected pears showed harder flesh, greener and darker
color compared with unaffected pears. Interestingly, control samples also suffered internal browning under low CO2 ( ̴ 0.1 %)
and high O2 ( ̴ 20.5 %) concentrations after 5 months in storage with medium damage levels. We conclude that the uses of CO2
and C2H4 adsorbents successfully lowered CO2 and C2H4 levels in the bags during cold storage, but the both failed to prevent an
internal browning development because too long storage period eventually caused internal browning.
© 2015 The Authors. Published by Elsevier B.V.
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1. Introduction
Most Japanese prefer ‘La France’ to ‘Silver Bell’ pear which has better taste. However, ‘La France’ cultivar
has a short storage period (Murayama et al., 2002). its taste quality tends to decrease if stored for a long time.
Otherwise, ‘Silver Bell’ pear is one of the European pears with a long-term storage characteristic, thus it can be
consumed by the time ‘La France’ or the other cultivars have been completely run out or undergone a decrease on
taste quality. Interestingly, ‘Silver Bell’ pear has not been the focus of much study to date, especially regarding to
storage problems.
A typical category of damage in pear during storage is related to the incidences of internal browning on the
flesh (Franck et al., 2006) triggered by high carbon dioxide (CO2) concentrations in the storage area. It is
characterized by brown color on the flesh without appearance traits on the surface. Therefore, internal browning is
difficult to be investigated visually. The use of packaging has been well-known to protect fruit condition (Bachmann
and Earles, 2000). However, accumulated CO2 and ethylene (C2H4), as a result of respiration process, will promote
internal browning development and accelerate fruit shelf-life, respectively. Veltman, (2002) stated that high CO2
concentrations are always regarded as a main factor causing internal browning. Removing C2H4 from the headspace
of storage facilities can help to extend fruit shelf-life (Ketsa, 2005). Therefore, the application of adsorbent materials
is needed to keep the gas compositions on the safe limit. Earlier studies exhibited C2H4 adsorbent on the packaged
fruit successfully extends the shelf-life of banana and pear (Noomhorm and Potey, 1993; Szczerbanik, et al 2005).
However, little information that mentioned the effects of CO2 adsorbent on internal browning of packaged fruit. The
objective of our experiment was to investigate the effects of CO2 adsorbent and CO2 adsorbent combined with C2H4
adsorbent in a packaging to the symptoms of internal browning during cold-storage.
2. Materials and methods
2.1. Plant materials and experimental setup
Mature ‘Silver bell’ pears (Pyrus communis L.) were collected from an orchad around Kaminoyama, Japan on
the 29th October 2013. The freshly selected pears were harvested at the optimal commercial harvest date, while they
were still green and firm. Uniformity, appearance and absence of physical defects became the basis of the selected
fruits. Then, the fruits were immediately transported to the Laboratory and covered in two kind of bags, namely
MA-H film (permeability: 100.000 ml.day-1.m-2) as control and MA-A film (permeability: 2000 ml.day-1.m-2)
combined with CO2 adsorbent (Ageless, Japan), CO2 adsorbent plus C2H4 adsorbent (Sensitech, United
Technologies, U.S.A), and without adsorbent materials. A bag contained one pear. The packaged pears were then
placed in a cold storage at 1 oC for 7 months.
2.2. Determination of CO2, O2 and C2H4 concentrations in the bags
Gas samples of O2 and CO2 were withdrawn from the headspace of the bags as much as 0.2 and 1.0 ml,
respectively, then analysed on a gas chromatograph (GC-8AIT Series, Shimadzu, Japan) equipped with chromato-
integrator (D-2500, Hitachi, Japan), whereas 1.0 ml of C2H4 were analysed using the other gas chromatograph (GC-
8A Series, Shimadzu, Japan). The taking of gas samples was carried out in a cold room to avoid the effect of higher
temperature causing alterations in the gas compositions. Means of 5 replications on each treatment were reported.
2.3. Determination of peel color and flesh firmness
External skin colour interpreted in L*, a*, b* was recorded using a spectrophotometer (Model NF 333, Nippon
Denshoku, Japan). Hue angle (o) indicating the color nuance was calculated from arc-tan b*/a* x 57.3 and expressed
in degrees from 0 to 360o (Voss, 1992). The value are defined as follows (McGuire, 1992): red – purple: 0o; yellow:
90o; bluish – green: 180o; Blue: 270o. The measurements of flesh firmness (N) were carried out on the opposite side
of the surface using a rheometer (model CR-200D, Sun Scientific, Japan). Both measurements were conducted
during storage and means of 5 replications on each treatment were reported.
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2.4. Internal browning assessment
The pears were divided into two parts to investigate the incidences of internal browning visually. The damage
levels were classified into 4 levels: severe, medium, slight, and normal. Brown color on all flesh parts, sometimes
with cavities, indicated severe internal browning. Five fruits on each treatment were used for this assessment.
2.5. Statistical analysis
Data analyses were conducted using IBM SPSS statistics 20. Analyses of variance (ANOVA) and significant
differences were separated using Tukey’s multiple range test at 5 % probability. Data were described as means ± SE.
3. Results and discussion
Internal browning are mainly associated with too high carbon dioxide (CO2) and/ too low oxygen (O2) levels
around a storage area or in the headspace of the bags (Veltman, 2002; De Castro et al., 2008; Pedreschi et al., 2009;
Wang and Sugar, 2013) as well as storage duration (Lammertyn et al., 2002). Our results support their reports
reinforced by some findings. First, most pears suffering internal browning were found in MA-A film treatments (7-9
% CO2) with severe damages (Table 1). Low permeability of the MA-A film induced the gas exchanges between
inside and outside the film restricted. Veltman et al., (1998) revealed that 3 % CO2 result in internal browning on the
pear during storage at 1 oC. Second, the internal browning had already been found in MA-A film treatment at the
first 1 month in storage, along with a dramatic increase of CO2 in its headspace (Fig. 1 A), while those symptoms
were observed on the other treatments under  ̴ 0.1% CO2 after 3 months in storage with fewer number and damage
levels (Table 1). Besides high CO2 levels, too long storage duration possibly played a role on the browning
development. Moreover, control samples ( ̴ 0.1 % CO2 and ̴ 20.5 % O2) showing normal ripening traits (yellowing
and softening) for 3 months eventually suffered internal browning after 5 months in storage (Table 1).
Fig. 1. Changes of CO2 (A), O2 (B) and C2H4 (C) concentrations in the bags during storage at 1 oC. Data points are the means ± S.E.
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Table 1. The number of internal browning (IB) incidences on different levels on each treatment during cold-storage
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Total samples used for internal browning assessment on each treatment are five fruits.
Increasing CO2 concentrations after 5 months in storage (Fig. 1 A) was likely due to decreasing CO2 adsorbent
capacity. However, internal browning which occurred at that time might not be completely triggered by the
increasing on CO2 because either number or damage levels of the pears suffering internal browning was slighter
than those of the pears suffering internal browning under high CO2 since the onset of storage. Furthermore, the
internal browning had occurred since 3 months in storage. These results suggest that high CO2 levels severely
trigger internal browning only at the early storage, or while CO2 levels increase dramatically after harvesting.
Internal browning development can be further aggravated by too low O2 concentration (De Castro, 2008). it is
promoted by 1 % O2 and 10 % CO2 under cold-storage (Pedreschi et al., 2009). However, O2 concentrations in MA-
A films (5-9 %) were still considered on a safe limit to stimulate internal browning (Fig. 1 B). We found that similar
O2 concentrations on MA-A film-treated pears conferred the different results on internal browning, according to
CO2 levels (Tables 1). In addition, those symptoms were also suffered by the control under high O2 levels ( ̴ 20.5 %)
after 5 months in storage. These results suggest that 5 – 9 % O2 may not promote the internal browning development
on ‘Silver Bell pear.
Fig. 2. Changes in hue angle (A), lightness (B) and flesh firmness (C) during storage at 1 oC. Data points are the means ± S.E.
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Ethylene (C2H4) is regarded as a trigger of internal browning as well (Veltman, et al., 2002). In this study, C2H4
levels might not fully result in internal browning. Very high levels of C2H4 in the MA-A film + CO2 adsorbent
treatment (Fig. 1 C) were not proportional to the damage levels of internal browning occurred. For comparison,
levels and number of internal browning in MA-A + CO2 and C2H4 adsorbents treatment under low C2H4 levels were
overall as many as those in MA-A + CO2 adsorbent treatment under very high C2H4 levels (Table 1). The results
indicated that high CO2 concentrations are perhaps more dominant to trigger internal browning.
Colour change, along with softening, is mostly associated with fruit ripening and assessment of eating quality. In
this research, those parameters changed during cold storage, especially on control sample (Fig.2). Villabos-Acuna
and  Mitcham, 2008 stated that ripening process still occurs on pear during cold-storage and it is undesirable process
in term of fruit storage. The control turned to yellow rapidly, together with flesh softening and lightness increasing
while the other treatments were still green, dark and firm, especially on MA-A film treatment (Fig. 2 A and C).
Even though a little change on ripening process is a desirable process during cold storage, however the little change
on peel color and flesh firmness, in this study, were due to internal browning as desirable symptoms.
4. Conclusion
We conclude that the uses of CO2 and C2H4 adsorbents successfully lowered CO2 and C2H4 concentrations during
cold storage. However, they failed to prevent an internal browning development because too long storage period
eventually induced the symptoms of internal browning. Those symptoms disturbed a natural change of peel color
and flesh firmness during cold storage.
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